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The loss of 60 u from protonated peptide ions containing an arginine residue at the 
C-terminus has been investigated by means of low energy tandem mass spectrometry. The 
lowest energy conformation of singly charged bradykinin is thought o involve a salt-bridge 
structure, which may lead to the formation of two isomeric forms. It is thought that one 
isomer retains the ionizing proton at the C-terminal end of the peptide, leading to the 
formation of the [b n_ 1 + H + OH] + fragment ion, and the other isomer etains the charge at 
the N-terminus, leading to the formation of the [M + H - 60] + fragment ion. It was found 
that the formation of the [M + H - 60] + ion occurs only from singly charged precursor ions. 
In addition, the loss of 60 u occurs from peptides in which the charge is localized at the 
N-terminus. These results indicate that the mechanism of formation of the [M + H - 60] + 
ion may be driven by a charge-remote process. © 1997 American Society for Mass Spectrome- 
try (J Am Soc Mass Spectrom 1997, 8, 253-261) 
l 
'n recent years, high energy tandem mass spectrom- 
etry (MS/MS) has been shown to be a powerful 
.tool for the sequencing of peptides [1-5]. In addi- 
tion, the use of electrospray ionization, in conjunction 
with triple quadrupole mass analyzers, has made the 
sequencing of proteins possible, to a certain extent 
[6-9]. Generally, high energy MS/MS experiments, 
which utilize ionization techniques uch as fast-atom 
bombardment, lead to information that is usually ex- 
plicitly related to the structure of the peptide backbone 
and the amino acid side chains [10]. Conversely, low 
energy MS/MS experiments, uch as those carried out 
in triple quadrupole mass analyzers, often lead to 
spectra that are difficult to interpret, because of com- 
plex rearrangements of ions that occur in the collision 
cell [11]. 
When a peptide ion undergoes collision-induced 
dissociation (CID), the main fragment ion peaks ob- 
served in the MS/MS spectra are the complementary 
yi n+ and b~ + ions (where i is an integer epresenting 
the point of cleavage along the peptide chain), which 
correspond to cleavage of an amide bond, with charge 
retention on the C- and N-terminal residues, respec- 
tively (the fragment ion nomenclature used in this 
study was originally proposed by Roepstorff and 
Fohlman [12] and later modified by Biemann [13]). 
Although the mechanisms of formation of these frag- 
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ment ions have been extensively studied [14-18], some 
fragmentation mechanisms are poorly understood and, 
in addition, the location of the charge site along the 
peptide chain is uncertain. 
There has been an increasing amount of interest 
shown recently in rearrangement reactions that are 
specific to the C-terminus [19-27]. In particular, the 
mechanism of formation of the fragment ion [b n_l + 
Cat + OH] +, where Cat denotes an alkali metal cation 
or a proton, has been the focus of attention [19-25, 27]. 
The fragment ion has, effectively, the same structure as 
the precursor ion minus the C-terminal amino acid 
residue. It was originally suggested by Renner and 
Spiteller [19] that alkali metal cations interact with the 
C-terminal hydroxyl and carbonyl groups in the form 
of a zwitterion, which initiates the rearrangement se- 
quence. This mechanism was confirmed by Grese et al. 
[21], who provided strong experimental evidence in 
the form of high energy metastable decay and CID 
spectra of various metal-cationated peptides. An alter- 
native mechanism proposed by Westmore et al. [20] 
and by Teesch et al. [24] lent support o the fragmenta- 
tion being a charge-site-induced process in which the 
metal cation does not initiate the rearrangement. 
Thorne et al. [23] carried out extensive isotopic 
labeling studies on protonated bradykinin and its 
analogs, and analyzed the metastable decay of the 
intact ions. It was found that the C-terminal hydroxyl 
oxygen was transferred to the penultimate amino acid 
residue. The proposed mechanism of formation of the 
[b~ 1 + H + OH] + ion, which is analogous to that 
Received September 17, 1996 
Revised October 2, 1996 
Accepted October 2, 1996 
254 DEERY ET AL, J Am So(: Mass Spectrom 1997, 8, 253-261 
[PEP'II~Eb~ ) [P 
r~÷won1" 
Scheme L Mechanism of formation of the [b,_ i + H + OH] + 
ion as originally proposed by Thorne et al. 
proposed by Grese et al. [21], is shown in Scheme I. 
The precise location of the proton along the peptide 
chain was not established, although the mechanism 
suggests that the proton is positioned at the C- 
terminus. Recent work by Gonzalez et al. [27], who 
studied the effect of the position of arginine residues 
on the C-terminal rearrangement, suggested a similar 
mechanism in which a salt-bridge structure is formed 
at the C-terminus. 
This article reports on the mechanism of formation 
of another C-terminal rearrangement ion resulting from 
the loss of 60 u from precursor peptide ions that 
contain an arginine residue at the C-terminus. This loss 
of 60 u previously was reported [28], and Tang et al. 
[26] proposed that the loss was specific to peptides 
containing an arginine at the C-terminus. This mecha- 
nism was an extension of the charge-site-induced r ar- 
rangement reaction proposed by Grese et al. [21], who 
first suggested that the facile loss of water from a 
[b i + Li - HI + fragment ion was due to an interaction 
between the metal cation, the C-terminus, and a C- 
terminal  arginine residue. Scheme II shows the seven 
step, charge-site-induced mechanism of formation of 
[M + H - 60] + proposed by Tang and co-workers. 
Results presented here, however, suggest hat this loss 
of 60 u may occur by an apparent charge-remote [29] 
fragmentation mechanism, consisting of only two steps. 
Experimental 
All peptides and reagents were purchased from Sigma 
Chemical Company UK and used without further pu- 
rification. Peptide concentrations were typically 100 
pmol/~L-1 for standard MS/MS experiments. To gen- 
erate a localized charge at the N-terminus of the pep- 
tide, the following derivatization procedure [30] was 
carried out (Scheme III). Ten microliters of peptide 
solution (1 nmol) were added to 120/~L of 2-(N-mor- 
pholino)ethanesulfonic acid buffer solution, pH 6, in a 
1-mL Eppendorf vial. The vial was placed in an ice 
bath and cooled for approximately 5 min. A 50-/~L 
portion of 0.01-M iodoacetic anhydride (prepared in a 
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Scheme II. Charge-site-induced mechanism offormation of [M 
+ Cat - 60] + ions originally proposed by Tang et al. 
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Scheme Ill. Selective derivatization of the N-terminus of a 
peptide. The reaction involves the formation of an iodoacetyl 
peptide species, followed by the formation of a fixed charge after 
the addition of trimethylamine. 
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nitrogen glove box) in dry tetrahydrofuran was then 
added to the mixture and vigorously shaken for I min. 
The solution was then returned to the ice bath for a 
further 5 min before being allowed to stand at room 
temperature for 2-3 min. Fifty microliters of 15% 
wt/vo l  aqueous trimethylamine were then immedi- 
ately added and the solution was shaken and heated to 
37 °C for 2 h. Finally, the mixture was allowed to 
equilibrate to room temperature and centrifuged. No 
further purification of the sample was necessary for 
MS/MS experiments. 
Mass Spectrometry 
All low energy MS/MS experiments were carried out 
by use of a Micromass Quattro II QhQ tandem mass 
spectrometer (Micromass, Manchester, UK), fitted with 
an electrospray source and rf-only hexapole collision 
cell. Typical voltages (relative to ground potential) 
applied to the source components were cone, -50  to 
-70  V; HV lens, -0.5 kV; skimmer lens, -1  V, and 
capillary + 2.8 to 3 kV. The mobile phase consisted of 
50:50 acetonitrile:water doped with 1% formic acid to 
ensure efficient protonation of the peptide sample. The 
optimum flow rate of the mobile phase for MS/MS 
experiments was found to be 5/.~L min-1. A Rheodyne 
(Cotati, CA) injector fitted with a 20-pL loop was 
employed as a means to inject the sample solution into 
the flow of the mobile phase. Collision-induced disso- 
ciation spectra were obtained by selecting a given 
peptide ion as the precursor ion in the first quadrupole 
mass analyzer and passing it into the collision cell 
containing argon gas. The pressures and the voltages 
applied to the collision cell were optimized for each 
peptide ion ranging from 6-7 × 10 _3 mbar and +50 
to + 70 V, respectively. The second quadrupole mass 
analyzer was scanned to give a spectrum of the prod- 
uct ions produced. In addition, to confirm mechanistic 
proposals regarding the formation of the [M + H-  
60] + fragment ion, precursor ion scans were per- 
formed in which the cone potential was increased to 
100 V to induce fragmentation of ions formed in the 
source region. The first quadrupole mass analyzer was 
scanned to detect possible precursor ions, whereas the 
second quadrupole mass analyzer was tuned to trans- 
mit the chosen product ion, that is, [M + H - 60] +. 
Results and Discussion 
Figure la shows the product ion spectrum generated 
by the low energy CID of the [M + HI + ion of Lys- 
[AlaB]-bradykinin (KRPAGFSPFR; RMM 1162.4 u) in 
which the prominent fragment ions are y+ and b + 
ions. The base peak in this spectrum is due to the 
rearrangement ion [b . _  1 -}- Cat + OH] + (labeled [b 9 + 
H + OH] + in Figure 1). Tandem mass spectrometry 
studies of ions of this type formed from protonated 
bradykinin and pentapeptides have suggested that the 
identity of the amino acid at or near to the C-terminal 
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Figure 1. Low energy MS/MS spectrum of (a) singly proto- 
3 nated Lys-[Ala ]-bradykinin (RMM 1163.4) and (b) doubly proto- 
nated Lys-[Ala3 ]-bradykinin. 
position of the peptide has a large effect on the abun- 
dance of this ion. For example, Thorne et al. [23] have 
noted previously that the product-ion spectra of 
bradykinin show intense fragment peaks due to the 
[bn_ 1 + H + OH] + ion. The relative intensity of the 
peak due to this ion in the product-ion spectrum of 
LysLbradykinin (in which the C-terminal arginine 
residue is replaced by the less basic lysine residue) is, 
however, much lower. It was proposed that this effect 
could result from intramolecular interactions that arise 
from the folding of the peptide chain, suggesting that 
the gas-phase conformation of the peptide is an impor- 
tant factor when considering C-terminal rearrange- 
ment reactions. In another study, Gonzalez et al. [27] 
found that the intensity of the [bn_l + H + OH] + 
fragment ion was enhanced for pentapeptides that 
contained an arginine residue at the n - 1 position. It 
was concluded that the rearrangement reaction is pro- 
moted by the formation of a salt-bridge structure in 
which the proton at the C-terminal hydroxyl group is 
transferred to the guanidine group on the arginine side 
chain. Interestingly, it was found that the ion was not 
observed in the product ion spectrum of Ala-Ser-Val- 
Phe-Arg. It was suggested that this is because peptides 
containing highly basic amino acid residues at the 
C-terminus tend to give C-terminal ions rather than 
N-terminal ions. This is generally true, although it has 
been established that the formation of the [b,_ 1 "l- Cat 
+ OH] + ion occurs via an exceptional fragmentation 
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pathway and it is, therefore, unlikely that the absence 
of the peak due to this ion from the product-ion 
spectrum can be explained by such a simple theory. It 
is more likely that the conformation of the precursor 
ion is such that the rearrangement mechanism is 
strongly disfavored. The formation of this ion is dis- 
cussed further in a subsequent section. 
The other main peaks of interest in this spectrum 
arise from the losses of 17, 42, and 60 u from the 
precursor ion. Schnier et al. [31], who examined black- 
body infrared dissociation (BIRD) spectra of bradykinin 
and its analogs, proposed that the loss of 17 u, pre- 
sumed to be loss of ammonia from the guanidine 
group on the arginine side chain, is specific to peptides 
that contain arginine residues at the C- and N-termini 
of the chain. It was found in the present work that 
NH 3 is lost not only from peptides containing arginine 
residues at the C- and N-termini, but from peptides 
incorporating a C-terminal arginine residue and a sec- 
ond arginine residue at various positions along the 
peptide chain. 
If the fragment-ion spectrum of the doubly proto- 
nated species is examined (Figure lb) it can be seen 
that although 17 u is lost, no losses of 60 or 42 u are 
observed from the doubly charged precursor ion. Tang 
et al. [26] found that fragment ions of the type [M + 
2Na-  60] 2+ are formed from doubly sodiated pep- 
tides containing an arginine residue at the C-terminus. 
The conformation of the protonated peptide is quite 
different from that of the metal-cationated peptide, 
which probably explains the presence of the [M + 2Cat 
- -  60]  2+ peak and the absence of the [M + 2H - 60] ~+ 
peak in the product-ion spectra. This subsequently is 
discussed further. 
The product-ion spectra of singly protonated 
bradykinin (RPPGFSPFR; RMM 1060.2 u), Lys- 
bradykinin (KRPPGFSPFR; RMM 1188.4 u) and dynor- 
phin A fragments 1-7 (YGGFLRR; RMM 868.0 u) are 
shown in Figure 2a-c, respectively, and each spectrum 
shows distinct losses of 17, 42, and 60 u from the 
precursor ion. Neutral losses of 42 or 60 u are not 
observed in the product-ion spectra of the doubly 
protonated precursor ions of these peptides (spectra 
not shown). 
To try to gain a greater understanding of the mech- 
anism of formation of the [M + H - 60] + ion, a pre- 
cursor-ion scan of the ion was acquired, as shown 
in Figure 3. The spectrum shows three clear peaks--  
MH +, [M + H-  18] + , and [M + H-42]  + (M = 
bradykinin)--which indicate the precursor ions of the 
[M + H-  60] + ion. It is likely, therefore, that the 
mechanism involves the initial loss of water followed 
by loss of the neutral species of mass 42 u or, to a 
lesser extent, the loss of 42 u followed by the loss of 
water. The charge-site-induced mechanism previously 
proposed [26] (Scheme II) suggested that there is an 
initial interaction between the cation, the carboxylate 
carbonyl oxygen, and a basic nitrogen atom attached to 
the arginine side chain. There then follows a rearrange- 
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Figure 2. Low energy [M + H] + MS/MS spectra of (a) 
bradykinin (RMM 1060.2), (b) Lys-bradykinin (RMM 1188.4), and 
(c) dynorphin A fragments 1-7 (RMM 868). 
ment resulting in the expulsion of water and the for- 
mation of a stable six-membered ring. Finally, 
NH=C=NH is expelled from the arginine side chain 
(mass 42 u) to give an overall oss of 60 u. There is no 
reason to doubt that the loss of 42 u originates from 
the arginine side chain, although the precursor ion 
spectrum indicates that it may actually precede the 
loss of water. It is difficult to envisage how the mecha- 
nism in Scheme I may be reversed to account for the 
foregoing observation. 
To investigate the effect of localizing the charge on 
the N-terminus, the (x-amino N-terminal group of 
bradykinin was converted into a quaternary ammo- 
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Figure 3. Precursor ion spectrum of the [M + H - 60] + frag- 
ment ion. 
nium ion as described in the foregoing text (Scheme 
III), leading to an overall mass increase of 100 u. 
Whereas in the case of protonated bradykinin, the 
proton may attach to the amino acid residues or car- 
bonyl oxygen atoms along the peptide backbone, pro- 
moting the formation of y+ and b + ions in charge-ini- 
tiated amide bond cleavages, such fragmentations are 
expected to be absent from the spectrum of the deriva- 
tized peptide. This is evident from the partial product- 
ion spectrum of derivatized bradykinin illustrated in 
Figure 4. The most striking difference one notices when 
comparing the product-ion spectrum of this deriva- 
tized bradykinin and that of the protonated molecule 
(Figure 2c) is the absence of the Ibm_ 1 + H + OH] + 
fragment ion peak from the former spectrum. This 
observation suggests that a charge must be located at 
the C-terminal end of the peptide for the occurrence of 
the rearrangement reaction leading to the production 
of this ion. This is consistent with the mechanisms 
previously proposed [19, 21-23, 27]. An intense peak 
due to the ion formed by the loss of 60 u is observed in 
Figure 4, however, suggesting that the mechanism of 
formation of this ion does not require a proton to be 
located in the vicinity of the C-terminus. It is also 
unlikely that the fixed charge at the N-terminus plays 
a significant part in the mechanism due to the bulky 
nature of the quaternary ammonium group. To estab- 
lish ideas relating to the mechanism of formation of 
the [M + H - 60] + ion, it is important that the confor- 
mation of the precursor ion is considered. The BIRD 
study, carried out by Schnier et al. [31], examined 
explicitly the conformations of singly protonated 
bradykinin by means of molecular modeling calcula- 
tions. It was found that the most stable conformation 
of this ion involves a salt-bridge structure in which the 
two terminal arginine residues are protonated and the 
C-terminal hydroxyl group is deprotonated, as shown 
in Scheme IV. Cambell et al. [32] provided evidence for 
the formation of gas-phase salt-bridge peptide struc- 
tures by means of H /D  exchange xperiments and 
Cox et al. [33] indicated that salt bridges are formed 
between terminal arginine and cysteic acid residues by 
means of molecular modeling calculations. Wytten- 
bach et al. [34] also proposed a similar salt-bridge 
structure for singly sodiated bradykinin, although it 
was not reported that this was the lowest energy 
structure. 
It is proposed that two isomers are formed from the 
salt-bridge structure during the CID process and that 
rapid equilibration between the two isomers is estab- 
lished; one isomer retains the positive charge at the 
C-terminal end of the peptide and the second isomer 
retains the charge at the N-terminal end (Scheme IV). 
When the charge is located at the C-terminal end of the 
peptide, it is proposed that the formation of the rear- 
rangement ion [b~-i + H + OH] + is a very facile frag- 
mentation pathway. This is consistent with the prod- 
uct-ion spectra of bradykinin and its analogs in which 
the [b~ 1 + H + OH] + ion peak is usually the most 
intense fragment ion peak in these spectra (Figures la 
and 2a-c). When the charge is localized at the N- 
terminus, as in the case of derivatized bradykinin, the 
peak due to this ion is not observed (Figure 4), which 
is further support for the view that a proton initiates 
the rearrangement process. 
The [M + H-  60] + fragment ion is, in contrast, 
observed in both the protonated and derivatized 
bradykinin product-ion spectra. This suggests that the 
formation of this ion does not require a proton to be 
located at the C-terminus of the peptide. Mechanisms 
that are consistent with this, and all other observa- 
tions, are shown in Scheme V. It is presumed that, 
initially, the precursor ion has the conformation of the 
salt-bridge structure described previously before form- 
ing the isomer that retains the charge at the N-terminal 
end of the peptide. The mechanism proposed is appar- 
ently charge-site-remote in that a proton is not re- 
quired in the vicinity of the C-terminus to initiate the 
rearrangement process, although it is not understood 
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Figure 4. Low energy [M + H] + MS/MS spectrum of deriva- 
tized bradykinin. The derivatized peptide incorporates a quater- 
nary ammonium group at the N-terminus and, therefore, a fixed 
charge. 
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Scheme IV. The lowest energy conformation of singly protonated bradykinin as proposed by 
Schnier et al. It is proposed that during the low energy CID process, the salt-bridge structure breaks 
down to give charge retention at either the C- or N-terminus. 
to what extent (if any) the charge on the N-terminus is 
involved in the rearrangement process due to its prox- 
imity in the initial conformation of the ion. 
If loss of water from the hydroxyl carboxylate group 
is the first step in the rearrangement, a hydrogen 
bonding interaction between the hydroxyl oxygen and 
the hydrogen on the /~ nitrogen atom initiates the 
reaction, and the elimination of a water molecule re- 
sults in the formation of a six-membered ring. The 
nitrogen atom in this ring bonds with an amine hydro- 
gen on the arginine side chain resulting in the loss of 
NH=C=NH,  to give an overall loss of 60 u from the 
peptide. Conversely, if the loss of 42 u is the initial 
step in the mechanism, an amine is formed. A similar 
hydrogen bonding interaction results between an amine 
hydrogen and the hydroxyl oxygen to give loss of 
water and the formation of the same six-membered 
ring as before. These two mechanisms explain the 
presence of the [M+H-42]  + and [M+H-  18] + 
ion peaks in the precursor ion spectrum. 
The proposed mechanism is also consistent with the 
product-ion spectrum of doubly charged bradykinin. It 
was noted previously that the [M + H-  42] + and 
[M + H - 60] + peaks are absent from the spectrum, 
although the [M + H - 17] + is observed (Figure lb). 
The most likely protonation sites of bradykinin are the 
two arginine residues at the termini of the peptide. If 
the C- and N-terminal arginine residues are proto- 
nated, the most facile fragmentation pathways are 
likely to be losses of ammonia from the guanidine side 
chains (Scheme VI), resulting in the suppression of the 
[M + H - 60] + ion. 
Figure 5a and b show the MS/MS spectra of singly 
and doubly sodiated bradykinin. In both spectra, frag- 
ment ions corresponding to the loss of 60 u from the 
two precursor ions are observed, which confirms the 
result obtained by Tang et al. [26]. It has been estab- 
lished that the loss of 60 u is not observed from doubly 
protonated precursor ions because both arginine 
residues are charged. Conversely, it is thought hat the 
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preferential binding sites of alkali metal cations are the 
carbonyl oxygen atoms along the peptide backbone 
[20, 24, 34, 35] or at the C-terminus [19, 21, 26]. In the 
present study, it is assumed that the two metal cations 
are coordinated to backbone carbonyl oxygens. If this 
is the case, the C-terminus is left free of charge so that 
the [M + Cat - 60] + and [M + 2Cat - 60] + fragment 
ions may be formed by charge-site-remote m chanisms 
similar to those shown in Scheme V. It is of interest o 
note that two other prominent fragment peaks, [M + 
B 
O 
b 
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[M ,4- I I  - 18] ~ 
- NH-C-Nll 
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Scheme V. Proposed charge-site-remote m chan ism of formation of the [M + H - 60] + fragment 
ion showing the initial loss of water from the C-terminus and the reverse mechan ism of formation in 
which the loss of water is preceded by the loss of NH=C=NH from the arginine side chain. 
260 DEERY ET AL. J Am Soc Mass Spectrom 1997, 8, 253-261 
a (M+Na) ~ 
d iI &=:  Pk I 
, [,I i 
b ( M+~'>'+ 
(M+2N~ z+ 
1-60) 
, I 
I l:l,I 
m/z 
+ + / [~(M+Nm-90} 
m/z 
Figure 5. Low energy MS/MS spectra of (a) singly sodiated and 
(b) doubly sodiated Lys-[Ala3]-bradykinin. 
nNa - 30] n+ and [M + nNa - 90] "+ , where n = 1 or 
2, appear in the MS/MS spectra of the sodiated pre- 
cursor ions (Figure 5a and b), but are absent from the 
protonated peptide MS/MS spectra (Figure la and b). 
Hu and Gross [36] previously reported, in a high 
energy MS/MS study involving anionic peptide ions, 
that this loss of 30 u may arise from the fragmentation 
of a serine residue, in which formaldehyde is lost as 
the neutral species. It is not yet understood if a similar 
mechanism of formation may occur in low energy CID 
processes. 
Conclusions 
The experimental results presented here provide evi- 
dence that peptides containing arginine at the C- 
terminus undergo a rearrangement mechanism that is 
not directly charge-site-induced. It is suggested that, 
initially, the precursor ion has a conformation i which 
the C- and N-terminal arginine residues interact with 
the C-terminal deprotonated hydroxyl group, in the 
form of a salt-bridge structure. This structure leads to 
the formation of two isomers that rapidly equilibrate. 
One of these isomers retains the ionizing proton at the 
N-terminus and leads to the formation of the [M + H 
-60] + fragment ion via an apparent charge-site- 
remote process. Several observations upport this 
conclusion: 
1. The loss is observed in the product ion spectra of 
singly but not doubly protonated precursor ions. 
The charge-site-induced mechanism proposed pre- 
viously [26] does not take this observation into 
account. If the ion was formed by a charge-induced 
process, the loss of 60 u would also be observed 
from doubly and triply protonated precursor ions. 
There is no evidence of this in the results presented. 
2. The loss is observed when the charge is fixed at the 
N-terminus. This shows that an ionizing proton 
does not directly induce the formation of the [M + 
H - 60] + ion. Furthermore, the fixed charge at the 
N-terminus is probably not involved in initiating 
the mechanism to a great extent because of steric 
hindrance, which results from the bulky quaternary 
ammonium group. 
3. The precursor ion spectra of the [M + H - 60] + ion 
is in good agreement with the proposed mechanism 
in that the spectra show it is possible for the initial 
step to involve the loss of water or  the loss of 
NH=C=NH.  
Results presented also suggest hat the [b, 1 + H + 
OH] + fragment ion is formed via a rearrangement 
reaction in which the charged species must have an 
interaction with the C-terminus. 
All the peptides analyzed in the current work con- 
tained two arginine residues at various positions along 
the peptide backbone and in each product ion spec- 
trum, the loss of 60 u was observed from the singly 
protonated precursor ions. It has not, however, been 
established whether or not the majority of peptides 
that contain a C-terminal arginine residue form [M + 
H - 60] + fragment ions in low energy CID processes. 
This will form the basis of future work. 
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